The reduced wear rate of hip-joint bearing components is the main issues in biotribology researches for the biomedical implants. Ultra-high molecular weight polyethylene (UHMWPE) is extensively used as a bearing material because of having its great properties of friction and wear. Surface texturing can be selected as a method of enhancing tribology properties of engineering surfaces. In this present study, surface texturing examination was performed by 3D finite element method under influence of normal load. Stress distribution of UHMWPE surface under the influence of texturing with the variation in diameter cavities and separation was investigated. The result showed that the surface texturing provided the higher stress distribution of the lower separation in the cylindrical cavities.
Introduction
Polymeric material, namely UHMWPE, which has a relative low hardness and low elastic modulus, have been widely used for tribo-pairs as a bearing material in orthopaedic implants. UHMWPE is a distinctive polymer with great physical and mechanical properties. Most famous properties are its lubricity, chemical inertness, impact resistance, and abrasion [1] . In an advanced total hip replacement joint (THR), the common bearing surfaces are composed of a hard smooth metal femoral component articulating versus an acetabular component [2] . In order to increase in lifetime for the THR joint, there is a need to investigate the wear characteristics of the prosthesis materials as part of reducing the failure rate of the bearing component [3] . Jamari et al. [4] investigate wear of total hip arthroplasty with studied numerically and experimentally of the artificial hip joint contact system with thickness variation of UHMWPE acetabular liner. In addition to also simulated impingement of UHMWPE material in artificial hip joint using finite element analysis during sholat activities to find out plastic deformation and plastic strain behavior on this material [5] .
Surface texturing is a promising technique for improving the tribological properties of engineering surfaces [6] . Surface texture, such as micro-groove, micro-dimples, micro-convex constructed on the contact surfaces, has emerged as a viable method to improve the tribological properties of mechanical components in the last decade [7] . The contribution of surface texturing on the reduction of the coefficient of friction has been reported in the literature by several authors. Lopez-Cervantes et al. [8] investigated the effects of texturing on stress distribution of the UHMWPE surface. Surface texturing with pattern of cavities was made by a surface of certain shape, size and distribution. It has been found that the important tribological results for mechanical conforming elements such as mechanical seals, bushing and cylinder liners were presented providing the reduction of stress distribution as a result of increasing contact area and stress concentrator of remaining material. The effect of texturing on stress distribution of UHMWPE surface was also studied by finite element analysis in 2D and 3D. The results were shown by modifying the UHMWPE surface, resulting the reduction of maximum stress. Kustandi et al. [9] proposed a new paradigm that utilizes nanoimprint lithography (NIL) in producing textures on the surface of UHMWPE, to improve the tribological properties of the polymer. Here the patterned UHMWPE surface showed a reduction in the coefficient of friction between 8% and 35% as compared with the controlled (non-patterned) surface, depending on the magnitude of the normal load.
Zhang et al. [10] studied comparison of the effects of surface texture on the steel and UHMWPE. The results indicate that the tribo-pair with the pattern textured on the UHMWPE side has a better wear resistance than that of the pattern textured on the steel side. Ripoll et al. [6] analysed the reciprocating loading behavior of textured surfaces of the Titanium Alloy (Ti 6 Al 4 V) using the finite element method. The results shows that the significance of texture on coefficient of friction are principally valid for the dry sliding contact, but this condition may be applied for boundary lubricated contacts with a small film thickness. However, the validation of results may be proper in the large film thickness, because of the major influences of hydrodynamic. Han et al. [11] investigated the effects of geometric parameters and Reynolds number on pressure field, loadcarrying capacity, friction force, and friction coefficient. The results indicate that the optimum dimple depth becomes a transition of lubrication mode from hydrodynamic to mixed lubrication for a textured surface with a fixed microdimple. The friction characteristic of a journal bearing with dimples bushing, manufactured using the machining and the chemical etching techniques has been also examimed previously [12] . The experimental results indicated that a bushing with etched dimples over the entire circumference provided a better frictional performance than that of a bushing with dimples etched on half of its circumference.
Zhang et al. [7] introduced micro-scaled texture to improve the tribological properties of UHMWPE using micro-imprint lithography. The textured UHMWPE with area density 29,9%, diameter 50 µm, and depth 15 µm presented a significant effect of wear resistance. Briscoe et al. [13] performed the experimental study and numerical simulations of the surface strains developed in a metal-polymer contact under a variety of loading configurations. Here the surface measurements resulted in a convenient and accurate finding into the stick slip transitions in fretting contacts. Moreover, Galda et al. [14] studied the influence of geometrical characteristics of the surface texture on the Stribeck curve in lubricating sliding. It was shown that the friction characteristic of the sliding pairs could be improved by proper shape and dimensions as well as suitable area density of oil pockets in comparison to non-textured surfaces. However, due to the complex of surface texturing of this bearing materials, there is a need for surface texture analysis under normal load to understand the nature of wear and friction. The aim of present study was to evaluate the previous research by Lopez-Cervantes [8] under static loading and compare with results conducted by Jamari et al. [15] who investigated the effect of the rolling motion on surface texturing. In this study, the surface texturing under static load was based on the finite element analysis of different diameter of cavities and separations. From this analysis, the von Mises stress distribution determining effectively friction and wear are discussed.
Material and Method
A textured surface was developed using 3D finite element method on a non-conforming contact between a steel ball and a flat UHMWPE. The FE analysis was conducted using software ABAQUS for the calculating the von Mises stress distribution. The initial step of this study was to validate the models. The model was verified using the model of Lopez-Cervantes [8] and was then applied for variation of separation (S) and diameter (D) of cavities. The steel ball has a diameter of 19,05 mm. The dimensions of the flat surface are 6 x 6 mm. The surface contains four grooves with variation of diameter and separation. The depth of grooves is similar to the diameter. Material properties for use in the model is presented in Table 1 . The pattern of flat UHMWPE textured surface was established using 3D finite element model is shown in Figure. 1 by assuming the deformable material. Separation S is the vertical or horizontal space between two cylindrical and D is the diameter of the cylindrical groove. These S and D will be varied for calculating the von Mises stress. Variation of diameter in this model is 0.397 mm, 0.794 mm, 1.191 mm, 1.588 mm, 1.985 mm and separation S=D, D/2, 2/3 D, D/3, D/5 for every diameter, respectively. The boundary conditions for the finite element model were described in Figure 2 . All of the nodes at the bottom of the UHMWPE are fixed. On top of the UHMWPE a deformable ball with radius R 9,525 mm is contacted and loaded with a load F=17 N. The applied force was uniformly distributed along the horizontal centerline of the ball. 
Results and Discussion
The validation of result was performed by comparing with the work of Lopez-Cervantes [8] , that are presented in Figure 3 . The von Mises stresses at the contact surface as a function of the applied load is agreement with the result of Lopez-Cervantes [8] . Verifications was applied for two separations of S = D and S = D/2. It can be seen that the separation of S = D the present study is a little bit higher than that of results from Lopez-Cervantes [8] , but for S = D/2 is a fraction lower. However, in general the results are almost the same. From the curve, it can be unspecified that the von Mises stresses increases as the load improves.
The von Mises of stress distribution at the contact surface as a meaning of the cavity diameter for the present study is shown in Figure 4 . The result of the separation of S = D, S = D/2, S = 2/3 D, S = D/3, S = D/5 in D = 0.397 mm, 0.794 mm, 1.191 mm, 1.588 mm, and 1.985 mm, respectively, are plotted of the present study. Here the result of Lopez-Cervantes [8] only plotted up to D = 1.191 mm, using 2D model. Whereas the present study adds to the value of diameter is D = 1.588 mm and 1.985 mm which is a multiple of 0.397 mm using a 3D model. The result of the graph shows that the increasingly large diameter, von Mises stress decrease with increasing separation. The plot of three dimensional von Mises stress is depicted in figure 5 . These plot in the separation of S = D, S = 2/3 D, S = D/2, S = D/3 AND S = D/5 at D = 1.588 mm, respectively.
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Conclusion
The present work discussed the static structural analysis of the textures of UHMWPE surface as a bearing material under the influence of normal load. The numerical simulation was done on differences between diameter cavities and separation. The results of simulation indicate that the increasing diameter cavities and increasing separation resulted in reducing von Mises stress distribution. This mean that the higher stress distribution occurred in the lower separation between the cylindrical cavities. 
